ABSTRACT Hen egg-white lysozyme (HEL)-specific suppressor T cells induced in C57BL/6 mice have been selected by sequential passage over plates coated with goat anti-mouse Ig and HEL. These suppressor T cells, 80% I-J1, were infected in vitro with radiation leukemia virus (RadLV/Nul) and injected intravenously into sublethally irradiated syngeneic recipients. After 4-6 months, 6 out of 20 injected mice developed thymic lymphomas, which were maintained by transplantation into histocompatible hosts and subsequently established as permanent cell lines. Cells ofthese six thymomas were screened for the presence ofThy 1.2, Lyt 1, Lyt 2, I-jb, and Ig cell surface antigens by direct or indirect immunofluorescence. One tumor (thymoma L4) was found to express the expected phenotype of suppressor T cells (Thy 1.2+, Lyt 2+, I-J+). High-speed supernatants of extracts obtained from L4 cells were able to induce HEL-specific suppression in a T cell proliferative assay, demonstrating the presence ofan antigen-specific suppressive T cell factor.
A central problem in cellular immunology is the isolation and characterization of antigen-specific T cell factors, which could eventually elucidate the structure of the antigen-specific T cell receptor.
An approach to this problem has been to establish T cell hybridoma lines by fusion of antigen-specific T cells with a T cell lymphoma line, according to the somatic cell hybridization technique introduced by Kohler and Milstein (1) . In this way hybrid clones of antigen-specific suppressor T cells have been generated and the suppressive factors produced by such clones have been partially characterized (2) (3) (4) (5) (6) (7) . This approach, however, is not entirely satisfactory because in many cases these cell lines have been found to be unstable and to undergo a progressive loss of surface markers and functional properties derived from the normal parent cell. Moreover, it is difficult to predict the influence ofgenes from the parent tumor cell on the phenotypic expression and immunologic function of the hybrid cell line. This is reflected by the unexpected surface phenotypes described for some antigen-specific hybrid lines with suppressive properties (3) . Continuous growth of T cells has also been achieved by using T cell growth factors (TCGF) obtained from lectin-stimulated cell cultures (8) . Antigen-specific helper T cell and cytotoxic T cell clones (9) have been produced and shown to remain functionally stable over a long period oftime, but they do not seem to yield large quantities of antigen-specific T cell factors.
A different approach, developed by Kaplan and coworkers, is based on the observation that lymphocytes infected in vitro with radiation leukemia virus (RadLV) (10) can induce donororigin lymphomas after injection into histocompatible hosts (11) . By using this method, T cell lymphoma lines were obtained from spleen cells of mice injected with 2,4-dinitrophenylated keyhole limpet hemocyanin. These lines were capable of replacing carrier-primed helper T cells in a secondary anti-dinitrophenyl antibody response in vivo (12) . In addition, it had been shown previously, by Roder et al. (13) , that a leukemia virus-transformed T cell line activated by sheep erythrocytes could express antigen-specific helper activity.
In this report we describe the establishment of suppressor T cell lymphoma lines specific for hen egg-white lysozyme (HEL). This antigen has been selected because it is chemically very well characterized and a large panel of related lysozymes, defined peptides, and idiotypic reagents is available. Moreover, the antigenic and idiotypic regulation of the anti-lysozyme response has been extensively studied and the basic features of the cellular interactions involved have been well documented (14, 15) . In mice of H-2b haplotype, which are genetically nonresponders to HEL, intraperitoneal priming with HEL in complete Freund's adjuvant (CFA) induces suppressor T cells that are antigen-specific and I-J-positive and bear idiotypic determinants (16, 17) . Therefore, suppressor T cells from HELprimed C57BL/6 (H-2b) mice, selected by sequential passages over anti-immunoglobulin-coated and HEL-coated plates, have been infected in vitro with RadLV/Nul and subsequently injected into syngeneic sublethally irradiated recipients. The resulting lymphomas have been analyzed for surface phenotype, and the cell-free extracts obtained from lymphomas or lymphoma cell lines have been tested with semisyngenic BDF1 mice, which are responders to HEL, for suppressive activity and antigen specificity in a T cell-dependent lymph node proliferative assay.
MATERIALS AND METHODS
Mice, Antigens, Immunization, and X-Irradiation. C57BL/6 (B6) or (C57BL/10 x DBA/2)F1 (BDF1) mice were bred and raised in the animal facilities of Casaccia (Italy). HEL was purchased from Societa Prodotti Antibiotici (Milano, Italy). Puri Immunofluorescence and Antisera. Direct and indirect membrane immunofluorescence microscopy was performed as described (19) . Monoclonal anti-Lyt 1 and Lyt 2 fluoresceinconjugated antibody (Becton-Dickinson, Sunnyvale, CA) were used at a 1:50 dilution. Monoclonal anti-Thy 1.2 antibody (kindly provided by P. Lake, University College, London) was used at a 1:100 dilution. Anti-I-Jb serum prepared as described (16) 20 mice injected with HEL-specific virus-infected suppressor T cells developed large thymomas within 6 months. The tumor cells, transplanted intraperitoneally in C57BL/6 recipients, gave rise within 2-3 weeks either to large tumoral masses, mainly localized in the mesenteric lymph nodes and in the spleen, or to ascites when injected into pristane-primed mice. Semithin sections of neoplastic lymphoid organs revealed that thymuses were extensively infiltrated by small lymphocytic tumor cells (Fig. 1) . Thin sections, examined with the electron microscope, confirmed that the lymphoma cells had the ultrastructural appearance of small lymphocytes. No viral particles were detected either in the extracellular space or budding from the plasma membrane. A lymphoma cell line was successfully established in vitro from thymoma L4 cells. The cultures, after an initial cell death, gave rise to adherent cell clusters from which single lymphocytes gradually detached. Once established in vitro, lymphoma cells grew rapidly, with doubling times ranging between 12 and 24 hr. The presence of antigen in the culture medium favored the establishment of cell lines, and antigen was added until these were well adapted to growth in vitro. After about 20 subcultures cells were cloned by limiting dilution on adherent cell feeder layers. The cells can be stored in liquid nitrogen for extended periods of time without loss of viability and suppressive activity.
Surface Marker Expression on Thymoma Cells. The cell surface markers expressed by the tumor cells (from the original or the transplanted tumors) were studied by direct or indirect membrane immunofluorescence. Data are summarized in Table  1 (25) .
Antigen specificity of the suppressive factor was routinely assessed by lack ofsuppression ofthe PPD-specific proliferative response, PPD being an antigen unrelated to HEL, and crossreactive with the mycobacterium strain present in the CFA used for immunization. The antigenic specificity of L4H cells was also confirmed in binding assays using iodine-labeled HEL in the presence of increasing concentrations of unlabeled HEL as competitor. HEL-specific binding was more than 4-fold higher on L4H cells as compared with cells from different lymphoma cell lines (data not shown). Moreover, preliminary results indicate that the suppressive activity of the HEL-specific suppressive factor is genetically restricted, because it does not suppress the HEL-specific proliferation of lymph node cells from HEL/CFA-primed C3HaB/FeJ mice. The mechanism of suppression of antigen-specific proliferative response is unknown, but it is reasonable to assume that helper T cells are the cellular targets of the suppressive factor (26) . In fact, it has been demonstrated recently that antigenprimed lymph node T cells stimulated in long-term culture are enriched in helper T cell activity (27, 28) and most suppressive factors act on helper T cells, either directly (29) or via induction of suppressor T cells (30, 31 The availability of such permanent T cell lines producing antigen-specific suppressive factors of predefined specificity should also provide unlimited amounts ofantigen-specific products for biochemical studies of the suppressive molecule.
